Disc degeneration leads to biochemical and mechanical changes resulting from structural 64 alterations in the nucleus pulposus, annulus fibrosus and vertebral endplate 1, 2 . The loss of 65 water in the nucleus and corresponding decrease in disc height places higher stresses on the 66 annulus 3 , theoretically contributing to greater viscous damping of the solid phase than seen in 67 normal disc tissue. These increased annular stresses may lead to the formation of annular 68 tears and clefts 4, 5 , calcification of the endplates [6] [7] [8] and an increase in osteophyte formation 9, 10 .
69
In addition to structural changes, disc degeneration can lead to clinical and mechanical 70 instability [11] [12] [13] .
71
Clinically, the definition of joint instability is when a patient with back problems transitions , however there were studies which found a decrease with 83 degeneration 17, 18 . In addition, these studies did not conduct testing under physiological compared to during shear loading, and therefore an increase in stiffness in these DOFs.
118
Based on these phenomena, we hypothesize that the stiffness will decrease between
119
Thompson grades 3 and 4 degenerated discs during shear loading (including axial rotation).
120
We further hypothesize that during compressive and bending loading, the stiffness will , with shear and axial rotation tests conducted first, followed by bending and 
263

RESULTS
264
No specimens were excluded from the analysis and there was no evidence of tissue 265 putrefaction or slippage of specimens during testing. Mean (SD) disc area of grades 3, 4, and 
279
Stiffness
280
The overall effect of degenerative grade was significant for stiffness in lateral shear 281 (p=0.001), flexion (p=0.019), and axial rotation (p=0.001, Figure 6 ). ROM at a prescribed moment. In order to facilitate a qualitative comparison to the present 344 study, corresponding rotations to the moments applied in these studies [14] [15] [16] 19 were extracted.
345
These rotations can provide an estimate of the likely ROM, had the tests in the present study 346 been conducted in a similar manner.
347
Comparing ROM data between this present study and previous studies, it was found that 348 there are similar trends with differences in magnitude ( Disc degeneration is known to be related to spinal level, where higher rates of degeneration 358 occur at lower lumbar levels. However, this was not consistently the case for the present 359 study. As expected at the superior levels L1-2 were generally mildly degenerated, however 360 L2-3 were found to be mostly moderately degenerated. In contrast, the inferior level of L3-4 361 were found to be both mildly and moderately degenerated (Table 1) grades for the disc area and height.
371
There are a number of limitations from this study that should be acknowledged regarding 372 methodology. There was a low sample size for the severely degenerated group (N=3), which 373 may account for the generally large standard deviations and lack of significance. An 374 increased sample size may reveal further significant differences. According to the power 375 analysis, between 5-10 more specimens in each group would be required to detect the present 376 differences between groups as significant (Table 3 ). In addition, there was no comparison to 377 normal discs (grades 1 and 2), which would give insight into the magnitude differences 378 between degenerated and normal discs. .
389
The comparison of the stiffness's and phase angles from the present study can be made to a 390 similar study, which used a similar testing protocol and 6DOF hexapod robot 25 .
However,
391
that study tested isolated vertebra-disc-vertebra segments without the posterior elements and 
398
In conclusion, the results suggest that degeneration affects 6DOF mechanical properties, 
